A general finite width correction (FWC) factor is derived in this letter for an anisotropic laminate with elliptical softlhard inclusion. Using the closed-form solutions for the stress components in the laminate, the derivation of the FWC factor is based on the concept of the global force equilibrium. Some specific cases are discussed. The accuracy of the derived FWCfactor is demonstrated.
Introduction
Impact damage tolerance and damage/crack repair are two of the major concerns in using advanced composite materials in primary aircraft strictures. The two issues involve the failure analysis of composite laminates containing elliptical inclusion. In an impact damage tolerance problem, the damaged region in a laminate is simulated as a soft inclusion due to material degradation [1] , while in a damage/crack repair by bonded patch, the repaired area is modeled as a hard inclusion due to material enhancement [2] . In the current model for predicting the compression-after-impact strength [1] , the stress components in laminate with an elliptical inclusion are calculated using the complex potential approach [3] and a finite width correction (FWC) factor is employed. The requirement of numerical calibrations [4] for determining the FWC factor makes the prediction model less efficient for use in a PC environment The objective of this letter is to find a more efficient approach for determining anisotropic FWC factors with elliptical inclusion. For laminates with elliptical notches, Tan [5] derived analytical expressions of FWC factor following the concept of global force equilibrium. More recently Chen, et al, [6] used this concept to determine stress intensity factors for finite width plate.
In this letter, a closed-form expressionof anisotropic FWC factor with a central elliptical inclusion is obtained based on the concept of global force equilibrium. The inclusion can be arbitrarily oriented with respect to the loading direction and can be either soft or hard with regard to the properties compared to those of the laminate. As its specialcases, the derived expression of FWC factor covers those factors for isotropic/anisotrpoic laminates with circular/elliptical open holes. Examples of laminates with soft and hard inclusion are presented and the accuracy of the new FWC factor expression is assessed through comparison with the finite element results.
Stress components in infinite laminate
The problem under consideration is a uniaxially loaded laminate with an arbitrarily oriented elliptical inclusion (soft or hard), as shown in Figure 1 ,.
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For infinitelaminate with inclusion, closed-form stress components are available [3] . Denoting the appliedload per unit width as N (negative for compression), the stress in x-direction is written as: (2) where i is the imaginary unity, J.Ll and J.L2 are the two complex roots of the characteristic equation of the laminate, and the complex variables, ZI and Z2' are defined as:
In addition, the other two complexconstants in Eq. (2), <Pi and <P2' are defined as:
whereA', B', and C' denote the two normal and one shear stress components within the inclusion inx'-y' system. These stresscomponents, dependent of the material properties of the inclusion, are determined by solving a set of complex algebraic equations which are outlined in Ref. [7] for damaged laminates.
Derivation of finite width correction factor
To derive the FWC factor for laminate of finite width w, it is assumed that a similar stress profile to that in an infinite laminate exists and a global force equilibrium holds except for the FWC factor. As shownin Figure 2 , this global force equilibrium can be written as:
where the stresses within the inclusion in x-y system, A and C, are calculated from A', B', and C' through coordinate transformation. Using the stress in Eq. (2) into Eq. (5) and conducting the integration, an analytical expression for the FWC factor is obtained as: 
This is a general form of FWC factor for anisotropic laminate with arbitrarily oriented elliptical inclusion. Now let us examine somespecific cases. [5] , which is writtenas:
(i) Anisotropic plate with non-inclined elliptical open hole

=1,one obtains an equation, identical to the equation (20) in Tan
(9) Similar parametric study was conducted as in Tan [5] and it has been shown that for isotropic laminate with circular open hole, Eq. (6) gives lower predictions for stress concentrations as compared to the experimental data. Therefore the general anisotropic FWC factor of Eq. (6) is modified for soft inclusion cases by a parameter, M, as follows:
where RM is the stiffness ratio of the inclusion over the laminate. It is noted that with this modification, the FWC factor for isotropic open hole recovers to the well-known Heywood formula [5] which has widely acceptable accuracy.
Results and discussion
To demonstrate the accuracy of the derived anisotropic FWC factor, the stress components in a laminate of finite width with soft (impact damage with RM = 0.2, plexiglass) and hard (aluminum, steel) inclusion are calculated and then corrected by the modified FWC factor in Eq. 
s. Conclusions
An analytical expression for the finite width correction factor in an anisotropic laminate with elliptical soft/hard inclusion has been derived. With this closed form expression, numerical calibrations in the conventional approach for determining the FWC factor were avoided. The accuracy of the derived FWC factor has been verified by comparisons with the finite element results. The new FWC factor has been incorporated into the computer model for the CAl strength of damaged laminates [8] and will be used in an analytical model for bonded patch repair.
